Abstract. Nowadays, the very low reliability of project planning in certainty-based approaches has led to the use of more intelligent methods for uncertainty management in construction projects. This systematic study aims to survey the methods which have been used to manage the uncertainties in time estimation of construction projects. A series of steps were undertaken during the review. The study was started with determining the purpose, selecting appropriate keywords, and reducing the selected papers using some criteria. A deeper analysis was carried out on the nal paper that met the criteria for this review. The study was limited solely to papers referred to in six top online databases. It aimed to review how the papers had been distributed by a period of publishing, country, and the domains that the methods had been applied for. The result con rmed that uncertainties which a ected any project were controlled by Risk Management and Fuzzy Logic based on probability and possibility theories. Finally, a hybrid method for uncertainty management in project scheduling was proposed. The result of the implementation of this method in the construction project of Iranian Gas Company showed that the proposed method increased the accuracy of time estimation by about 8 to 24 percent.
Introduction
Nowadays, the importance of time management in the eld of construction projects is well known. Time management can be e ective in a project when the project schedule is based on reasonable and comprehensive time estimation. Uncertainties that a ect the project are based on two theories: probability and possibility. This paper aims to survey the methods which have been used to manage the uncertainties in time estimation of construction projects and proposes a comprehensive method for uncertainty management in construction projects scheduling. A series of steps are undertaken during the review according to research methodology.
Research methodology
In this paper, the literature related to uncertainty management in construction project scheduling is reviewed, comprehensively, by documents referred to in six main scienti c online databases, namely Science Direct (Elsevier), ASCE Online Library, Taylor and Francis, Springer journal collection, Hindawi, and John Wiley online databases.
Following to the diagram presented in Figure 1 , the rst publications in the area up to March 31, 2017 are reviewed. Three groups of combinations of the methods devoted to calculating the relative signi cance of criteria and ranking of alternatives can be identi ed:
1. Uncertainty + project scheduling + construction management;
2. Project stochastic scheduling + uncertainty + comprehensive time management;
3. Project scheduling methods + arti cial intelligence + metaheuristic and hybrid methods.
There are 9236 publications on the topic of uncertainty referred to in the mentioned six databases. Figure 1 shows the research methodology diagram.
Detailed review results
The result of this research indicates that the methods of uncertainty managing in construction project scheduling are divided into three approaches: fuzzy, risk, and other mathematical and heuristic approaches. Figure 2 shows the distribution of the mentioned approaches.
Statistical view of published papers with the title of uncertainty management in construction project scheduling in the last decade (from 2007 up to March 31, 2017 ) is shown in Figure 3 .
Also, the comparison of published papers with the title of uncertainty management by fuzzy and risk in the last decade is shown in Figure 4 . According to the result of this research, about 250 authors from 35 countries have contributed to improving the application of uncertainty management in construction projects. Figure 5 indicates the top ten countries that have the most related papers about this research subject. As it can be seen in this gure, USA, China, and Canada have the most researches. Also, a statistical view of the journals with the most papers about uncertainty management in construction project scheduling is shown in Figure 6 . According to this gure, the Journal of Construction Engineering Management (ASCE) with 40 related papers is the top journal in this subject of research.
It is worth mentioning that 230 out of 242 selected papers have only described the theory and only 12 papers are applications, as explained in Table 1 . Also, 6 papers have hybrid approaches and the combinations of their approaches are described in Table 2 . In the following, Tables 3, 4 , and 5 show the selected research papers according to the mentioned 3 approaches of uncertainty management in construction project scheduling. According to the result of this review, most papers that use fuzzy approach have concentrated on possible uncertainty management in project scheduling, and the papers with risk management approach have concentrated on managing the probable uncertainties. Also, other mathematical, heuristic, and hybrid methods have concentrated on managing the probable uncertainties. As a result, it is worth mentioning that the best approach to managing possible uncertainties is fuzzy method, because in fuzzy method, uncertainty of project activities remains in the whole calculation stages; but in other mathematical algorithms and arti cial intelligence methods, certainty based tools such as learning rules in neural networks method reduce the mentioned uncertainty in calculation stages and this leads to reduction in time estimation accuracy. Also, the best way to manage probable uncertainties is the implementation of risk management in construction projects. Therefore, a comprehensive way of managing uncertainties in construction project scheduling is a method of dual approach. In the following, a hybrid model is proposed to solve this problem. It is worth mentioning that the A GA-based fuzzy optimal model for construction time-cost trade-o GA + Fuzzy Leu et al., 2001 [18] proposed model has been implemented in construction projects of Iranian gas re neries; the related result is described after the model description.
A new proposed model for managing uncertainties in construction project scheduling
According to the result of the systematic review in this paper, a new model based on the comprehensive integration of possible and probable uncertainty management is proposed for optimum scheduling of construction projects. Figure 7 indicates the diagram of the proposed model. In fact, this model is an integration of risk management and fuzzy expert systems to manage uncertainties in construction projects scheduling.
Implementation of the proposed model in SGPC construction projects
For implementing the proposed model, at rst, two professional questionnaires were distributed among 200 experts of a professional team, which were selected by the sta of 70 contractors, consultants, and client companies. The rst questionnaire was designed to identify e ective factors such as site organization, weather, labor skills, and quality of equipment in doing project activities. Then, the obtained linguistic variables were translated into mathematical measures. For instance, the questionnaire designed for painting activity is presented in Table 6 . As it can be seen in the mentioned table, the values of the linguistic variables were classi ed into ve types. As shown in Table 6 , seven factors were considered to estimate the time of painting activity. To examine the reliability of the questionnaire, data analysis was done by SPSS. The results showed that factors 2, 3, and 7 did not have considerable in uence on the timing of painting activity (Table 7) . Therefore, these factors were eliminated, and calculations were repeated. In the new analysis, the index rose to 0.938, which was desirable. Table 8 shows the result of the second analysis. The main factors of painting activity were climatic condition, quality of paint, availability of skilled workers, and rate of surface opening. Also, the result of correlation survey by Pearson coe cient indicated that the mentioned factors correlated (Table 9) . Consequently, the volume of statistical society was enough, and there was no need for an extension.
In the next step, the second questionnaire, which was related to estimation of activity durations, was Also, Figure 12 shows the output function of painting activity time. In the next stage, the results of the previous step as input were analyzed in Fuzzy Toolbox of MATLAB. This toolbox follows a rulebased system. Diagram of the analysis is presented in Figure 13 . As it can be seen in this gure, inputs are processed by an intelligent rule-based system. \IF ... Then ..." rules were set by the expert team in rule-based system. For example, for the 4 mentioned factors, 625 operating modes might occur. After analysis, the duration of activities under uncertainty and fuzzy approach could be achieved. Figure 14 shows the calculated painting time.
After calculating the time of all activities according to this model, project schedule was designed under possible uncertainty. Thus, in the next stage, in order to consider probable uncertainty, we needed to add project risks to the designed project schedule. The probable uncertainty in the model could be considered by two methods. The rst method recognized the risks in terms of completed questionnaires and would handle other stages of project risk management based on the obtained results. In the second method, the results of previous studies through similar statistical data A genetic algorithm-based optimizing approach for project time-cost trade-o with uncertain measure Ke, 2014 [190] A self-adjusting algorithm for driver scheduling Li, 2009 [191] Model for evaluating networks under correlated uncertainty Wang & Demsetz, 2000 [192] Monte carlo simulation analysis at Lester B Pearson international airport development project Ersahin et al., 2003 [193] Reliability bu ering for construction projects. Journal of Construction Engineering and Management Park M& Peña-Mora, 2004 [194] Construction planning method using case-based reasoning (CONPLA-CBR). Journal of Computing in Civil Engineering Ryu et al., 2007 [195] System of multiple ANNs for online project planning Youse et al., 2008 [196] Real-time simulation for look-ahead scheduling of projects Song et al., 2009 [197] [199] Simulating construction duration for multistory buildings Nguyen et al., 2013 [200] A mathematical structure for modeling uncertainty in cost, schedule, and escalation factor in a portfolio of projects Touran, 2014 [201] Scenario-based optimization for critical-chain project scheduling Ma et al., 2015 [202] Real-time construction schedule analysis of long-distance diversion tunnels based predictions using a Markov process Bi et al., 2014 [203] Application of Weibull Analysis to evaluating and forecasting of schedule performance in repetitive projects Baqerin et al., 2015 [204] Simulating uncertainties in construction projects with chronographical scheduling logic Francis, 2016 [205] A genetic scheduling methodology for virtual cellular manufacturing systems: an industrial application Mak et al., 2005 [206] The application of the ant colony optimization algorithm to the construction site layout planning problem Lam et al., 2007 [207] A framework for developing intelligent real time scheduling
McPherson & White, 2006 [208] Recommender system for software project planning, one application of revised CBR algorithm Yang & Wang, 2009 [209] Development of a gray critical path for construction planning Huang et al., 1997 [210] Table 9 . Correlation survey by Pearson coe cient. S1601 S1604 S1605 S1606 Correlation is signi cant at the 0.01 level (2-tailed). [213] They reviewed risk quanti cation in complex and fast projects.
Doosti et al., 2014 [214]
They reviewed the risk management in the construction of gas re neries.
Ardeshir et al., 2014 [215] They reviewed safety assessment in re nery and other construction projects based on analytic hierarchy process. Bordbar et al., 2013 [216] They reviewed the identi cation and allocation of risks in construction projects of Sarkhoon & Gheshm gas re nery.
Amanatyazdi & Moharramnejad, 2013 [217] They reviewed risk management in Iranian oil and gas companies.
Hamzei & Alamtabriz, 2012 [218] They proposed a new hybrid method for project risk assessment in construction projects. Also, they reviewed the risks in re nery projects.
Attarzadeh et al., 2011 [219] They reviewed the risk management of Asaluyeh desalination projects.
Soltani et al., 2011 [220] They reviewed the risks of projects in Shiraz re nery by FMEA method.
Jalaee & Mahdaviparsa, 2010 [221] They studied risk management in Iranian construction projects such as gas re neries as a survey study.
derived from similar projects were utilized. Since the application of risk management in gas re neries goes back to many years ago, the second method is a highpriority one. Thus, this study attempts to review the literature on risk management in construction projects of Iranian gas re neries, which have been completed from 2010 to 2017 (Table 10 ). These studies were classi ed as a database for construction project risks in gas re neries (Table 11 ). In the following stages, the expert team allocated the selected risks to each project as probable activities. Also, there were two procedures for allocating Figure 15 . Sample of probable activity in project scheduling -wasps nests found.
risks to project activities in the proposed model of the present study. The rst procedure was allocating the risks to each activity as a probable activity and the second one was allocating probable branches to the intended activities. For example, in a destruction operations activity, the risk of \Wasps nests found" with a probability of 5% was allocated to risk management in project scheduling (Figure 15 ). Also, risks could be allocated to activities as probable branches. For example, in \Excavation" activity, three probable branches were considered. These branches were: (1) \Normal condition" with the probability of 70%; (2) \Finding ground water in the site area" with the probability of 20%; (3) \Finding antique objects underground" with the probability of 5% (Figure 16 ). In the nal stage of the proposed model, project schedule was designed based on managing both types of uncertainties. Then, the provided schedule was analyzed on the basis of Monte Carlo model. This analysis was done by the Risk Analysis software. Primavera Risk Analysis is a full lifecycle risk analytics solution that provides a comprehensive means for determining con dence levels for project success with quick and easy techniques for determining contingency and risk response plans. If the project schedule has a con dence level of 95 percent, it will be accepted; otherwise, it should be rechecked to undergo possible modi cations.
Results of implementation of the proposed model
The proposed model was implemented in a gas renery in the north-east of Iran. This gas re nery provides cooking and industrial gas for 5 provinces in the north and east of Iran, including Khorasan area (three provinces), Semnan, and some parts of Golestan. The period of study was between 2014 and 2016, and the sampling of this study was composed of 30 projects based on Cochran formula. Table 12 presents the titles of the projects done in research studies in correspondence with project estimation accuracies in ascending order. For implementing the proposed model, at rst, two professional questionnaires were distributed among a professional team, which was selected by the sta of 70 contractors, consultants, and client companies. The rst questionnaire was designed to identify e ective factors on doing project activities. Then, obtained linguistic variables were translated into mathematical measures. In the following, obtained information was processed by MATLAB and fuzzy times were dedicated to project activities. In the second phase, risks were added to project as probable activities. Finally, the integrated time of projects activities was analyzed by Monte Carlo method; the outputs showed that the accuracy of project time calculation was improved by about 8 to 24 percent. Figure 17 indicates the improvement of the mentioned project time estimation.
Conclusions
In this paper, the literature on uncertainty management in construction projects was reviewed comprehensively. At rst, 9236 papers from 6 main online databases were preliminarily reviewed and 242 papers were selected for precise review. According to the analysis of the mentioned papers, the following conclusions were derived: 
